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A pseudopelletierine analog, 9-methyl-3-oxsgranatanin-7-one (III), was prepared by the Robinson-Sch6pf condensation 
of oxydiacetaldehyde, methylamine, and acetonedicarboxylic acid. Reduction of this ketone and ita 3-this analog (V) by 
various methods gave epimeric 9-methyl-3-oxa- and 9-methyl-3-thiagranatanin-7- and 7Mls  (IVA-IVB; VIA-VIB). 
In contrast to the related ketones tropinone (IX) and "homopseudopelletierine" (XI), which are reported to yield high 
proportions of equatorial alcohols upon lithium aluminum hydride reduction, compounds 111, V, and pseudopelletierine 
(VII) were found to form predominantly the axial epimers under these conditions. Esters and ethers of the amino alcohols 
IV, VI  and VI11 and related compounds were prepared for pharmacological evaluation. 

Although the central nervous system effects of 
atropine (I) and its congeners have long been recog- 
nized, the clinically useful actions of these drugs 
upon the autonomic nervous system have received 
most attention. Most of the numerous analogs of the 
alkaloid have been synthesized in attempts to find 
compounds having the same antispasmodic effects 
on the gastrointestinal tract but showing to a lesser 
degree the side effects possessed by atropine. Re- 
cently, however, in the course of extensive rein- 
vestigations of drugs by modern psychopharmaco- 
logical and neurophysiological techniques, interest 
has refocused on the central nervous system actions 
of these some of which, e.g., diethylamino- 
ethyl benzilate (benactyzine), have been used in the 
treatment of certain mental disorders.8 
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As a parasympatholytic agent, scopolamine (IIa) 
is considerably more potent than, although quali- 
tatively similar to, atropine in some of its anti- 
cholinergic  effect^.^ Furthermore, the former drug 
appears to differ qualitatively as well as quantita- 
tively from the latter in its action upon the central 
nervous system. Although there are conflicting re- 
ports on the central effects of the two agents in 
lower animals, in man scopolamine, in therapeutic 
doses, produces sedative effects while atropine 
shows an excitatory action.6110 

With this relationship between structure and bio- 
logical activity in mind, we undertook the syn- 
theses of some atropine analogs which resemble 
scopolamine more closely than those prepared 
heretofore for study as potential pharmacological 
and psychopharmacological agents. The suscepti- 
bility of IIa and scopine (IIb) to undergo rearrange- 
ment to scopoline under very mild conditions" has 
limited the number of scopolamine analogs which 
could be prepared.'* 

For our studies we selected derivatives of the 
isomeric 9-methyl-3-oxagranatanin-7a- and 7,9-01s 
(IVA and IVB, Chart I),l* which may be viewed as 
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which contains a 1,Bfused morpholine-piperidine system, 
suggests less steric repulsion in the chair-chair form as 
shown, from which it may be inferred that this conforma- 
tion is probably the most favored one. For conclusions 
concerning the conformation of the piperidine ring in related 
bicyclic amines, see N. J. Leonard, D. F. Morrow, and 
M. T. Rogers, J. Am. Chem. SOC., 79, 5476 (1957), and 
references therein; for discussion of the conformation of 
morpholine, see M. Aroney and R. J. W. Le F h e ,  Proc. 
Chem. SOC., London, 82 (1958). 
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CHART I 
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being derived from scopine by opening of the un- 
stable oxirane ring between Cs and C7.14 For bio- 
logical comparison with these compounds deriva- 
tives of the corresponding thia analogs, VI, and 9- 
methylgranatanin-3-01s (VIII) were also prepared. l5 

A 3-oxagranatanine derivative was first pre- 
pared by von Bran’s who reported the synthesis of 
“N-pmethylbenzylmorphopiperidine” (9-p-meth- 
ylbenzyl-3-oxagranatanine) (XIII). The f is t  3-thia- 
granatanine derivative to be reported was “thia- 
tropinone” (9-methyl-3-thiagranatanin-7-one) (V) , 
used as an intermediate in this work, which Robin- 
son prepared in the course of further studies of his 
tropinone synthesis. 

(14) If the chair-chair conformation of VA is most favored 
(see footnote 13), this compound and ita derivatives may 
not bear a close spatial relationship to scopolamine, in 
which the oxirane oxygen is directed toward the nitrogen. 
However, the protonated (ammonium) form of these com- 
pounds in interacting with drug-receptors in biological 
systems may possibly aasume other conformations, e.g., 
boat-chair form i, which more closely resemble scopolamine. 

yH3 

0 Na 

OR 
i 

(I(-) 

XI11 

While the present studies were in progress our 
results were anticipated by Jerchel and Weid- 
mannls who announced the synthesis of one isomer 
of each of the two amino alcohols IV  and V I  and a 
few esters of these prepared for pharmacological 
evaluation. In our work a more suitable synthetic 
approach than that used by these authors was 
followed; both isomers of IV and VI were obtained 
and the configurations of these were established. 
Thus, our results considerably extend those of these 
workers. 

To obtain the two isomers of 9-methyl-3-oxa- 
granatanin-7-01 (IVA and IVB) and of 9-methyl-3- 
thiagranatanin-7-01 (VIA and VIB), we reduced the 
corresponding ketones by various methods since the 
ratio of epimeric alcohols obtained in the reduction 
of cyclic and polycyclic ketones depends greatly 
upon the nature of the reducing agent and the con- 
ditions of the reduction.19 In Table I the results of 
the reductions of 111 and V are summarized and 
compared with data in the literature on the reduc- 
tions of the closely related ketones VII, IX, and X1 
(Chart I). 

Upon catalytic hydrogenation and reduction by 
sodium and alcohols the three bicyclic amino 
ketones VII, IX, and XI follow the rules which 
generally predict the stereochemistry of reduction 
of other 6-membered cyclic and polycyclic ke- 
t0nes.l9-~6 The former method in most cases, par- 

(15) According to C h m .  Abstr. nomenclature, the ring 
systems from which these and other compounds discussed 
in this paper are derived are designated 3-0~- and 3-thia- 
9-azabicyclo [3.3.1] nonanes (formula ii). 

f X - 7  
\I/ 

... 4 5 0  

11 111 

For the sake of brevity we prefer to name them aa oxa- 
and thia-analogs of granatanine (ii), numbering the ring 
positions as indicated in formula ii. In  naming the isomeric 
alcohols IV, VI, and VIII, we have adopted the nomen- 
clature introduced by G. Fodor and K. Nador, J .  C h m .  
SOC., 721 (1953), to indicate the configurations of isomers 
in the closely related tropanol series. With the nitrogen 
bridge aa point of reference, substituenta on the same side 
of the general plane of the piperidine ring are designated aa 
p while those on the opposite side are designated aa a. 

(16) J. von Braun and W. Leistner, Ber., 59, 2323 
(1926). 

(17) B. K. Blount and R. Robinson, J. Chem. SOC., 2485 
(1932). 

(18) D. Jerchel and H. Weidmann, Ann., 607, 126 
(1957). 

(19) D. H. R. Barton, J .  Chem. SOC., 1027 (1953). 
(20) W. Hiickel, M. Maier, E. Jordan, and W. Seeger. 

(21) J. H. Brewster, J. Am. Chem. SOC., 76, 6361 (1954). 
(22) E. G. Peppiatt and R. J. Wicker, Chem. & Znd. 

(23) R. J. Wicker, J .  Chem. SOC., 2165 (1956). 

Ann., 616, 46 (1958). 

(London), 747 (1955). 
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TABLE I 
THE PROPORTIONS OF ISO~CERS IN THE REDUCTION Pao~ncrs 

OF BICYCLIC AMINO KETONES ”TED TO   PIN ONE 

Ketone Alcohol Products, % 
(Chart RRducing Axial Equatorial 

1) Agent a-oh 1 (&ob) 
I11 Hp-Ni(RuOl) >aa 

LiAIE >aa 
Na-pentanol >ma 

vLiAlH4 >aa 
Na-pentsnol > 754 

LiAlH, >aa 
Na-ethanol Predomi- 

VI1 H-,-Ni( PtOl) Predomi- 
nantly%*tg 

nantly=*zg 
IX Hs-PtOz Predomi- 

nantlyz7 
LiAlH, 4145a1 54-57“ 
Na-isobutanol 7-10” 84-&Y‘ 

XI H2-Ni Predomi- 
nantlym 

LiAl& >sob 
Na-ethanol PredOmi -  

nantlya 

Eatimated from a Estimated (see Experimental part). 
data of Alder et al.” (see footnote 32). 

ticularly in acid medium, yields a mixture of epi- 
meric alcohols containing a high percentage of the 
axial is0merlB-2~; the latter method seems in- 
variably to give a preponderance of the thermo- 
dynamically more stable equatorial isomer. 19120 

Thus tropinone (IX) and its higher ring-homo- 
logs, pseudopelletierine (VII) and “homopseudo- 
pelletierine” (XI) ,28 all upon catalytic hydrogena- 
tion add hydrogen chiefly on side “aJ’ of the car- 
bonyl (as shown in 111, V, and VII) to give mostly 
the axial isomers (a-ols) XAJn VIIIA,q” and 
XIIA.” On the other hand, reduction of these 
ketones by sodium and alcohols results in the pre- 
dominant formation of the equatorial alcohols (j3- 
ols) XB,*l VIIIB,28,29 and XIIB.” In the present 
work the oxaketone (111) was found to behave in a 
manner analogous to that of ketones VII, IX, and 
XI under the two types of reduction conditions. 
Hydrogenation of I11 over Raney nickel in alcohol 
or ruthenium oxide in acetic acid yielded chiefly 9- 

(24) W. G. Dauben, G. J. Fonken, and D. S. Noyce, 
J .  Am. Chem. SOC., 78,  2579 (1956); W. G. Dauben, E. J. 
Blanz, Jr., J. Jiu, and R. A. Micheli, J. Am. Chem. Soe., 
78,  3752 (1956). 

(25) K. D. Hardy and R. J. Wicker, J. A n .  Chem. Soc., 
80, 640 (1958). 

(26) 10-Methyl-10-azabicyclo 14.3.11 decan-gone. 
(27) L. C. Keagle and W. H. Hartung, J. Am. Chem. 

(28) K. Alder and H. A. Dortmann, Ber., 86, 1544 

(29) W. H. Hartung and S. M. Gadekar, J. Am. P h m .  

(30) K. Alder, H. Wirtz, and H. Koppelberg, Ann., 6 0 1 ,  

(31) A. H. Beckett, N. J. Harper, A. D. J. Balon, and 

SOC., 68, 1608 (1946). 

(1953). 

Assoc., Sn’. Ed., 42, 715 (1953). 

138 (1956). 

T. H. E. Watts, Tetrahedron, 6, 319 (1959). 

methyl-3-oxagranata~.1in-7a-01 (IVA), m.p. 144- 
146’. The infrared spectra of the crude producta 
indicated that very little of the B-01 IVB was present 
and no attempt was made to isolate it. The latter 
isomer, 9-methyl-3-oxagranatanin-7&01 (IVB) , m. 
p. 111.5-113°, wa8 readily obtained by reduction of 
I11 with sodium and 1-pentanol and by epimeriza- 
tion of IVA in the presence of aluminum isopro- 
poxide. That IVB was obtained under these condi- 
tions indicated that it was the more stable equa- 
torial isomer. The configurations of the epimeric 
alcohols were established conclusively by methods 
used in analogous studies in the tropanol and grana- 
taninol series (see below). 

Because of the presence of sulfur in the thiake- 
tone no attempt was made to reduce the latter by 
catalytic hydrogenation ; sodium-pentanol reduc- 
tion, however, yielded one epimer of 9-methyl-3- 
thiagranatanin-7-01, presumably the equatorial 
isomer VIB @-ol), m.p. 116.5-117’. 

Studies were also made of the reduction of the 
oxa- and thiaketones with lithium aluminum hy- 
dride. The stereochemical course of reduction of 
cyclic ketones with this reagent and other complex 
metal hydrides is not as predictable as that of re- 
ductions by the methods discussed above. In gen- 
eral, sterically unhindered ketones with lithium 
aluminum hydride yield predominantly equatorial 
alcohols while highly hindered ketones under these 
conditions give mainly axial alcohols. However, in 
the case of less hindered ketones prediction of the 
major product is more difEcult.242S Beckett and co- 
workersa* in a quantitative study of the reduction 
of tropinone (IX) by sodium and alcohols and by 
metal derivatives found that the lithium aluminum 
hydride reduction product contained 4145% of the 
axial alcohol XA and 54-57y0 of the equatorial 
epimer XB. On the other hand Alderm obtained a 
product from the lithium aluminum hydride reduc- 
tion of “homopseudopelletierine” (XI) that ap- 
peared to consist of 80% or more of the equatorial 
alcohol XIIB.32 

In the present study, lithium aluminum hydride 
reduction of the oxa- and thiaketones (I11 and V) 
was found to follow a stereochemical course con- 
siderably different from that observed in the reduc- 
tions of IX  and XI-a course leading predominantly 
to the axial isomers (IVA and VIA). 

(32) These authors did not quantitatively examine the 
reduction product which was an oil. However, demethyla- 
tion of this material gave in 88% yield a sharply melting 
(m.p. 141’) m r  base iv which was shown by the method of 

H 

$?=IOH iv 

acyl migration (cf. ref. 35) to have the configuration shown 
(OH equatorial). 



VOL. 26 398 ZIRKLE, GERNS, PAVLOFF, AND BURGER 

With this reagent the oxaketone yielded mainly 
the same alcohol, m.p. 1&146’, obtained by cata- 
lytic hydrogenation, and the thiaketone gave as the 
chief product an alcohol (VIA), m.p. 108-llOo, dif- 
ferent from that obtained by sodium-pentanol re- 
duction. In  the latter case, a small amount of the 
isomer (VIB), m.p. 116.5-117’, originally obtained 
by sodium-pentanol reduction, was isolated by 
chromatography of the filtrates from VIA. The 
configurations of VIA and VIB were assigned by 
analogy to those of the corresponding alcohols 
obtained by lithium aluminum hydride and sodium- 
pentanol reductions of the oxaketone. 

Although the reduction mixtures were not as- 
sayed quantitatively for isomer content, the in- 
frared spectra and other properties of the crude 
products suggested that they contained >85% of 
the a-ols (see Experimental). 

Jerchel and Weidmar”* also reduced the oxa- 
and thiaketones I11 and V with lithium aluminum 
hydride and obtained the a-ols IVAand VIA. How- 
ever, these authors did not study other methods of 
reduction and assigned the ,!?-configuration to the 
products by an analogy based on an erroneous 
reporPp88 that tropinone (IX) upon reduction with 
this agent yielded exclusively the p isomer (XB). 

Although pseudopelletierine (VII) had been re- 
duced catalytically and by sodium and alcohols, its 
reduction by lithium aluminum hydride has not 
been reported. We therefore reduced this ketone 
with the latter reagent to compare the alcohol 
product with those obtained by similar reduction 
of the oxa- and thiaketones. As in the latter cases 
we found that VI1 yielded predominantly the a- 
01 VIIIA. 

Although our data on the reduction of these 
ketones are only qualitative, we believe that our re- 
sults taken with those of Beckettsl and of Aldera0 
permit arrangement of members of this series of 
ketones in the following order according to the de- 
gree to which they yield axial alcohols (a-01s) upon 
lithium aluminum hydride reduction : 9-methyl-3- 
oxagranatanin-7-one (111), 9-methyl-3-thiagrana- 
tanin-7-one (V), pseudopelletierine (VII) >tropin- 
one (IX) >“homopseudopelletierine” (XI). 

According to current concepts, reviewed by Bec- 
kett and co-workers*l in interpreting the results of 
their study of the reduction of tropinone, the ratio 
of axial to equatorial alcohols obtained from cyclic 
ketones is determined by: (1) the degree of steric 
hinderance operating between the ketone and the 
reducing agent (kinetic factor) and (2) the relative 
stabilities of the two alcohols that are ultimately 
formed (thermodynamic factor). With the piperi- 
done ring of tropinone in the chair conformation the 
kinetic factor in the reduction favors formation of 
the axial alcohol XA since the reducing agent can 
approach the less hindered side “a” of the car- 
bony1 (see formulas in Chart I) more readily than 

(33) R. Mirza, Nature, 170, 630 (1952). 

side “b” which is hindered by the ethylene bridge. 
The net result from operation of both of these 
factors is a ratio of axial to equatorial alcohol of 
about 45 : 55 instead of about 10 : 90 which would be 
expected if the reaction were governed entirely by 
the thermodynamic factor.81 

A possible explanation for the high ratios of axial 
to equatorial products obtained in the lithium alu- 
minum hydride reductions of ketones 111, V, and 
VI1 is that the three-atom bridge of these ketones 
(in the chair-chair conformation) hinders the ap- 
proach of reducing agent a t  side “b” of the carbonyl 
more than does the ethylene bridge in tropinone 
with the result that attack from side “a” is even 
more favored than it is in the case of the latter 
ketone. On the other hand, in “homopseudopelle- 
tierine” (XI), the four-atom bridge, which is part 
of a seven-membered ring, being more flexible than 
either the two-atom or three-atom bridge, permits 
the ketone to assume conformations in which side 
“b” of the carbonyl is more easily accessible to the 
reducing agent than it is in the four related ke- 
tones. As a consequence the thermodynamic factor 
plays the dominant role in determining the course 
of the lithium aluminum hydride reduction of this 
compound, resulting in the equatorial alcohol as the 
predominant product. 

While a comparison of molecular models of these 
ketones in the chair-chair forma4 supports this in- 
terpretation of the results, quantitative data 
on the ratios of isomeric alcohols present both in 
their lithium aluminum hydride reduction prod- 
ucts and in mixtures of the epimers at equilibrium 
is necessary before definite conclusions concerning 
the relative importance of the thermodynamic and 
kinetic factors involved in these reductions may be 
drawn. 

Confirmation of the configurations assigned to the 
epimeric 3-oxagranatanin-7-01s according to the 
concepts of conformational analysis was obtained 
by the methods of acyl migration and tetrahydro- 
oxazine formation-procedures utilized in similar 

(34) However, see Leonard and co-worker8 (ref. in foot- 
note 13) who found from a study of a pseudopelletierine 
model that possibly less steric repulsion occurred in the boat- 
chair conformation, v. These authors tentatively con- 

CHI 
I 

V 

cluded that conformations related to v may be the more 
favored forms of the ketone. Our study of models (Courb 
auld) ah0 suggested that v may be favored but we did not 
observe any major differences in degree of steric repulsion 
between the chair-chair and boatrchair forma of either this 
ketone or the ox& and thiaketonea which wouId permit a 
firm conclusion concerning the more favored conformations 
of these compounds. 
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stereochemical studies in the closely related tro- 
panol and granataninol series (Chart I I ) . % J ~ I ~  The 
two isomers were oxidatively demethylated with 
alkaline permanganate to furnish the corresponding 
secondary-amino alcohols XIVB and XIVA. Meth- 
ylation of the latter two derivatives by the Esch- 
weiler method regenerated the original tertiary 
amino alcohols, proving that no change in the ring 
system had occurred in the demethylation process. 
The N-benzoyl derivative XVB of the nor-base 
XIVB obtained from IVB rearranged in anhydrous 
acid medium to the salt of the 0-benzoyl derivative 
XVIB, while no change in the epimer XVA oc- 
curred under the same conditions. Furthermore, 
the N-benzoyl derivative XVB was regenerated 
from the salt of XVIB when the latter was treated 
with alkali. On the other hand, the epimeric nor ester 
XVIA under these conditions was hydrolyzed to the 

CHART I1 
COCaHs 

H I 

J XIVB XVB 6 
/CH-O P 0 

It  

1 I t  XVII 

(35) G. Fodor and K. N&dor, J .  chem. Soc., 721 (1953). 
(36) A. Nickon and L. F. Fieaer, J .  Am. Chem. SOC., 

74, 5566 (1952). 

amino alcohol XIVA. As further proof of configura- 
tions, a crystalline pnitrophenyltetrahydrooxazine 
derivative XVII formed readily when XIVB was 
treated with pnitrobenzaldehyde, while only in- 
tractable tar was obtained from the reaction of 
XIVA with this aldehyde. 

Since transient or permanent ring-closure 
through the amino and hydroxy groups of amino 
alcohols of this type can occur only in isomers hav- 
ing the syn configuration, these results establish 
that IVB is the 8-01 and consequently IVA is the 
&+I. 

Physical and analytical data on the various 
amino alcohols prepared in this work and the salts 
and derivatives which served to characterize them 
are presented in Table 11. 

The synthesis of 9-methyl-3-oxagranataanin-7-one 
(HI), the intermediate for the isomeric 3-0xa- 
granataninols IVA and IVB, was accomplished 
by the Robinson-Schopf condensation which re- 
quired oxydiacetaldehyde (XXII) as starting ma- 
terial. Jerchel and Weidmannls state that they were 
unsuccessful in various attempts to prepare XXII 
and therefore were forced to use a longer route to 
the oxagranataninone 111. We found, however, that 
the aldehyde could be readily obtained by the re- 
action sequence indicated below. 

CsHrCHrOCH,CH( OR), 

LNs-NR8 XVIII 1 [NaOCH&H(ORh] + XCH&H(OR), 
HJNi A xx 

+ O[CH,CH(OR)l]r 
XXI i . / NsH 

HOCH&H( OR), 
XIX a. R = CH,; b. R = C& 

XXII 
XXI + [O(CH,CHO)r] + CHsNH, + 

OC(CHCO& ---+ I11 

The hydroxyacetals XIXa and XIXb were ob- 
tained from the corresponding benzyloxyacetals 
XVITIa and XVIIIb by either hydrogenolysis over 
Raney Nickel or debenzylation with sodium in 
liquid ammonia." Treatment of the sodium 
derivative (XX) of XIXa or XIXb, prepared by 
the action of sodium hydride on the hydroxyacetals, 
with the appropriate haloacetal yielded the cor- 
responding bis(dialkylaceta1) of oxydiacetaldehyde 
XXIa or XXIb. The bisacetal XXIa waa used 
in our large scale preparative work since it was 
obtained from the more readily available dimcthyl- 
chloracetal. To obtain XXIa in quantity we found 
it convenient to treat the crude sodium derivative 
XXa formed in the sodium-liquid ammonia de- 

(37) w. E. Parham and H. E. Reiff, J .  Am. Chem. SOC., 
77, 6391 (1955). We are indebted to these authors for 
supplying their directions, prior to publication, for the 
preparation of the benzyloxyacetals and their conversion 
to hydroxyacetale by sodium-ammonia debenrylation. 
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benzylation of XVIIIa directly with the chloro- 
acetal. 

By hydrolysis under mild conditions in dilute 
acetic or hydrochloric acid solutions, the oxydi- 
acetals XXI were converted to oxydiacetaldehyde 
(XXII). Although the aldehyde was not isolated 
it was characterized as its bis(2,4dinitrophenyl- 
hydrazone), obtained in almost quantitative yield 
from aqueous solutions of XXII. 

The Robinson-Schopf condensation of dialde- 
hydes, amines, and acetone-dicarboxylic acid has 
been applied to the preparation of numerous ana- 
logs and homologs of tropinone (IX), including 
pseudopelletierine (VII) and 9-methyl-3-thiagrana- 
tanin-7-one (V). Optimum yields (80-89%) of 
tropinone have been reported to be obtained when 
the reaction of succinaldehyde, methylamine, and 
acetonedicarboxylic acid is carried out a t  pH 
5-7.3*139 Schopf and Lehmanna8 found that the 
optimum pH for the formation of pseudopelletier- 
ine (VII) from glutaraldehyde in dilute solutions 
was also 5-7. These authors reported a 72y0 
yield of VI1 under these conditions. Other 
~ o r k e r s , ~ * ~ ~ l * ~  however, found that pH 2.5-4 
was optimal for preparing VI1 in moderately large 
quantities. In a careful study of the condensation 
reaction Cope and co-workersM obtained their 
best yields (45-57%) of pseudopelletierine working 
in this pH range. 

Although we studied a number of variations of 
reaction conditions in preparing 9-methyl-3-oxa- 
and 9-methyl-3-thiagranatanin-7-ones (I11 and V) 
from oxydiacetaldehydo and thiodiacetaldehyde, 
respectively, we were not able to obtain either of 
these ketones in yields greater than 20-30oJo. In 
the case of the oxaketone (111), about the same 
yields were obtained throughout the range of 
pH 3-5.5. Since observation of the rates of carbon 
dioxide evolution and increase in pH in unbuffered 
solutions of the reactants indicated that the 
condensation occurred slowly below pH 5, most of 
our experiments were carried out in buffered 
solutions at  pH 5-5.5. 

On the other hand, the reaction leading to the 
thiaketone V proceeded rapidly at  pH 3. Most of 
our experiments were carried out at this pH al- 
though about the same results were obtained at 
pH 4-5. We obtained about the same results 
when buffered solutions of reactants were held at  
approximately pH 3 by occasional addition of 
hydrochloric acid as when the reactions were run 
in buffered solutions at  constant pH. In none of 
our experiments, most of which were carried out on 
a preparative scale, were we able to attain yields 
of V approaching that reported by Jerchel and 

(38) C. Schopf and G. Lehmann, Ann., 518, 1 (1935). 
(39) G. G41, I. Simonyi, and G. T o U ,  Magyar K h .  

Folybirut, 61, 74 (1955); Chem. Abstt., 50, 7115 (1956). 
(40) A. C. Cope, H. L. Dryden, Jr., C. G. Overberger, 

and A. A. D'Addieco, J .  Am.  Chem. SOC., 73, 3416 (1951). 
(41) K. Ziegler and H. Wilms, Ann., 567, 1 (1950). 

Weidmann. In a small scale preparation carried 
out in dilute solution these authors obtained a 
52% yield of thiaketone. 

A large amount of resinous material always 
formed in the reactions of oxydiacetaldehyde and 
of thiodiacetaldehyde, making isolation of the 
ketone products difficult. Cope and co-workersQ 
encountered a similar problem in the preparation 
of pseudopelletierine. 

Perhaps a more thorough investigation of reac- 
tion conditions than waa made in this work would 
lead to considerable improvement in yields of the 
oxa- and thiaketones. However, the present results 
and the data of Cope and co-workersM suggest that 
oxydiacetaldehyde, thiodiacetaldehyde, and glu- 
taraldehyde, all of which have three atoms sepa- 
rating the two carbonyl groups, undergo the con- 
densation-cyclization reaction to form the 6-mem- 
bered morpholine, thiomorpholine, and piperidine 
rings in the ketone products 111, V, and VI1 less 
rapidly than does succinaldehyde to form the pyr- 
rolidine ring in tropinone. As a result, consider- 
able amounts of the former dialdehydes interact 
with methylamine to form resinous material as a 
major by-product of the reaction. In our study of 
the preparation of thiaketone V, we found that a 
solution of thiodiacetaldehyde and methylamine 
hydrochloride remained colorless for a considerable 
length of time, but that when the pH was increased 
to 3 i t  immediately darkened and a considerable 
amount of polymer separated within a period of 
two hours. 

The esters and benzhydryl ethers of the ox& 
and thiagranataninols and of the granataninols 
which were prepared for pharmacological study 
are listed with physical and analytical data in 
Table 111. The syntheses of these compounds 
are described in the Experimental part. I n  addi- 
tion, three miscellaneous derivatives XXXV, 
XXXVI, and XL in the oxagranatanine series were 
prepared by the reaction sequences shown below. 

The configuration of XXXVI as pictured was 
assigned to this product by analogy to the carbinol 
of this configuration obtained from the reaction of 
tropinone with phenyl lithium." 

Reduction of 9-methyl-3-oxagranatanin-7-one 
oxime (XXXVII) with sodium and 1-pentanol 
furnished 7P - amino - 9 - methyl - 3 - oxagranata- 
nine (XXXVIII). The configuration of the prod- 
uct was assigned on the basis of the fact that re- 
duction of oximes, including tropinone ~ ~ i m e , ~ ~ ~ ~ ~  
with sodium and alcohols follows the stereochemical 
course of the reduction of the corresponding ke- 
t o n e ~ . ' ~  Treatment of XXXVIII with diphenyl- 
acetyl chloride gave the diphenylacetamide XL. 

The comparative pharmacology of the com- 
pounds prepared in this work will be reported 

(42) R. Willstiitter and W. Mdler, Ber., 31, 1202 (1898). 
(43) S. Archer, T. R. Lewis, and M. J. Unser, J .  Am. 

Chem. SOC., 79, 4194 (1957). 
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XIVB + C&C&COCl 

(CHp) ZCoH, 
J 

I 
COC€I2CeH, 
I 

LiAlH, 

(\ oEc6H6 
O XXXVI 

elsewhere. The benzilic ester of 9-methyl-3-oxa- 
granatanin-'la-01 (XXIII) (SKF No. 5515) is a 
highly active parasympatholytic agent, exceeding 
atropine or scopolamine in potency in certain 
laboratory tests44; i t  is currently undergoing clini- 
cal trials as a potential antipeptic ulcer and anti- 
parkinsonism drug. 

/ \'\ v 11 

CH3 I J -., 

- 
XL 

Glywlaldehyde dimethyl acetal (XIXa). Bensyloxyacetr 
aldehyde dimethyl acetal" (19.6 g., 0.10 mole) in ethanol 
waa hydrogenated over Raney nickel (ea. 3 g.) a t  60' and 
an initial pressure of 1400 p.s.i. After removal of the catalyst 
and solvent the product was distilled through a small Vig- 

(44) J. G. Wilfon and E. Macko, Federation Proc., 18, 
458 (1959). 

reux column; yield 5.5 g. (52%), b.p. 58-80' (12 mm.), 
ny 1.4124 [lit.," b.p. 68-60' (12 mm.), ny 1.41181. 
In a large run, 333 g. (1.7 moles) of benzyloxyacetal in 

methanol waa reduced over 110 g. of Raney nickel a t  an 
initial pressure of 1220 p.s.i. The temperature of the mixture 
waa raised from 25" to 100" over a period of 6 hr. The yield 
of hydroxyacetal waa 133 g. (74%), b.p. 74-77' (31 mm.), 
n y  1.4108. 

Glywlaldehyde diethyl acetal (XIXb). By debenzylation of 
benzyloxyacetaldehyde diethyl acetal" a t  50-70' as de- 
scribed above the hydroxyacetal, b.p. 72-73.5" (14 mm.), 
n? 1.4152, waa obtained in 64% yield [lit.," b.p. 69-70.5" 
(10 mm.), ny 1.41451. 

Oxydiacetaldehyde &(dimethyl acetal) (XXIa). A. To a 
slurry of 2.48 g. (0.103 mole) of sodium hydride in 20 ml. 
of xylene in a flaak fitted with a condenser (drying tube), 
mechanical stirrer, and addition funnel was added 10.4 g. 
(0.098 mole) of hydroxyacetal XIXa. When the initial 
reaction subsided the mixture waa heated a t  reflux with 
stirring for 1 hr. The solution waa cooled, 18.7 g. (0.15 mole) 
of dimethylchloroacetal waa added, and the resulting mix- 
ture waa refluxed and stirred for 24 hr. After removal of the 
precipitated sodium chloride by filtration and concentration 
of the xylene solution the product, distilled through a small 
Vigreux column, was obtained aa a colorless liquid, b.p. 
103-106' (14 mm.), n% 1.4166. The yield waa 11.9 g. 

B. To a flask, immersed in a Dry Ice-isopropanol bath, 
and fitted with a stirrer and Dry Ice-condenser, waa added 
150 ml. of liquid ammonia, 200 ml. of dry ether, and 44.4 
g. (0.226 mole) of dimethyl benzyloxyacetal. Sodium was 
added in small pieces until, after 8.4 g. (0.36 g.-atom) had 
been added, the color of the solution remained dark blue 
for 30 min. The ammonia and ether were evaporated, 175 ml. 
of xylene and 50.5 g. (0.406 mole) of dimethylchloroacetal 
were added to the residue, and the resulting mixture was 
stirred and refluxed for 24 hr. Upon working up the reaction 
mixture as described above, 24.2 g. (55%) of product waa 
obtained, b.p. 106-107' (14 mm.), ny 1.4169. 

Anal. Calcd. for CsHleOs: C, 49.47; H, 9.34. Found: C, 
49.49; H, 9.64. 

Ox&izcetaldehyde &(diethyl acetal) (XXIb). This com- 
pound waa prepared according to the procedure above from 
4.4 g. (0.033 mole) of hydroxyacetal XIXb, 6.46 g. (0.033 
mole) of diethylbromoacetal and 0.80 g. (0.033 mole) of 
sodium hydride in 100 ml. of toluene. The mixture was 
stirred and refluxed overnight. The product, obtained in 
54% yield, waa a colorless liquid, b.p. 81-82" (0.3 mm.), 
ny 1.4158. 

Oxydiaceta2dehyds bis(~,4-dinitrophenylhydrazone). A mix- 
ture of 0.25 g. (0.0013 mole) of oxydiacetal XXIa and 2.5 
ml. of water containing 4 drops of acetic acid was refluxed 
for 30 min. The resulting clear colorless solution was poured 
into a solution consisting of 0.56 g. of 2,4dinitrophenyl- 
hydrazine, 2.5 ml. of concd. sulfuric acid, 4 ml. of water, 
and 35 ml. of ethanol. After the mixture had stood for 30 
min. a t  room temperature, the dinitrophenylhydrazone was 
collected, thoroughly washed with water and then with 
ethanol, and dried. The orange solid, m.p. 194-196', weighed 
0.56 g. (95%). 

(63%). 

(45) The authors are very grateful to Dr. Walter E. 
Thompson, Mr. Richard J. Warren, and Miss Barbara 
Petruzso (Smith Kline and French Laboratories) for the 
spectral analyses. They also wish to thank Mrs. Margaret 
Logan (University of Virginia) and Mrs. Doris Rolston and 
her staff (Smith Kline and French Laboratories) for the 
microanalyses. 

(46) The authors are indebted to Mr. Elvin L. Anderson, 
Mr. John E. Caaey, Mr. John J. Fitsgerald, Dr. Harold 
Graboyea, and Dr. Harry E. Reiff for permission to report 
the results of their large scale preparations of compounds 
I11 and IVA and for supplies of the former intermediate. 
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The same derivative and yield was obtained from oxy- 
diacetal XXIb under the conditions described above. 

The analytical ample, m.p. 195-197", was obtained by 
recrystallization of the solid from nitromethane. 

A d .  Calcd for Cl&NsOp: C, 41.56; H, 3.05; N, 24.24. 
Found: C, 41.64; H, 3.29; N, 24.15. 

Q - M & y l & o ~ a ~ n i n - 7 - v n e  (111). A solution of oxy- 
diacetaldehyde was prepared by boiling for 45 min. a mix- 
ture of 155 g. (0.80 mole) of oxydiacetal XXIa, 40 ml. of 
acetic acid, and 150 ml. of water. The clear, almost colorless 
solution, after cooling, waa added to 2 1. of a buffer solution 
containing 220 g. of dieodium phosphate heptahydrate and 
75 g. of anhydroua citric acid per liter. Acetonedicarboxylic 
acid (234 g., 1.60 moles) and 97 g. (1.44 moles) of methyl- 
amine hydrochloride were added; the resulting solution 
was adjusted to p H  5 by addition of 40% sodium hydroxide, 
and water waa added to bring the total volume to 4 1. The 
reaction mixture WBB kept at 24-28' for 20 hr., the pH being 
maintained at 5.0-5.5 by occasional addition of citric acid. 
The brown solution waa made strongly acidic by addition 
of concd. hydrochloric acid and extracted with three por- 
tions of ether. The aqueous acid solution was then made 
strongly baric with concd. potassium hydroxide solution 
and extracted first manually with ten portions of methylene 
chloride and then continuously for 48 hr. in a liquid-liquid 
extraction apparatus. From the methylene chloride extracts 
a total of 87 g. of dark brown oil was obtained. The crude 
material WBB disaolved in a minimum volume of methylene 
chloride and the solution was thoroughly mixed with 350 
g. of alumina (20 mesh). By evaporation of the methylene 
chloride a powder was obtained which was placed in a Soxhlet 
thimble and extracted with ether for 8 hr. From the ether 
extract 65 g. of light brown oil was obtained which was 
crystallbed from ether at -20' to yield 38.5 g. (31%) of 
slightly discolored white needles, m.p. 77-79'. The analytical 
sample, prepared by recrystallization from ether and sub- 
limation at 70-75" (0.025 mm.), melted at  74-80' (lit.J1* 
m.p. SO-SZ'). 

A d .  Calcd. for CalfiOt:  C, 61.91; H, 8.44; N, 9.03. 
Found: C, 61.95; H, 8.59; N, 9.17. 

A pictale was obtained from a saturated solution of 
picric acid in ether and recrystallized from water, m.p. 250' 
dec. 

A d .  Calcd. for CI&NIO(: C, 43.75; H, 4.20; N, 14.58. 
Found: C, 43.88; H, 4.36; N, 14.55. 

The dipiperonylidem deriuative, prepared in ethanol, 
c rys t shed  aa dark yellow needles which, after three 
recryetabations from isoamyl alcohol, melted at 232- 
234 '. 

A d .  Calcd. for (&HaNOe: C, 68.72; H, 5.05; N, 3.34. 
Found: C, 68.63; H, 5.32; N, 3.05. 

A larger scale run was made in more concentrated solution 
(388 g., 2.0 moles) of oxydiacetal XXIa, 608 g. (4.16 moles) 
of acetonedicarboxylic acid and 252 g. (3.14 moles) of 
methylamine hydrochloride (in a total volume of 6 I.). 
The dark, oily crude product (223 g.), isolated as described 
above, wae distilled to yield 125 g. of yellow distillate, b.p. 
80-100' (0.4 mm.), which partially solidified. A large 
amount of dark resinous material remained in the distilling 
flask. The distillate was triturated with two portions of 
ether to give 92 g. (30%) of white crystals, m.p. 78-79.5'. 

From several small scale runs in which the concentrations 
of reactants were varied or in which the reaction was carried 
out at pH 3, yields of 20-25% of ketone were obtained. 

Thidiaeetaldehyde &(dimethyl metal). A mixture of 1150 
g. (4.8 moles) of sodium sulfide nonshydrate, 54.7 g. of 
potassium iodide, 397 g. (3.19 moles) of dimethylchloro- 
acetal, 1 1. of water and 2.1 1. of 95% ethanol was stirred 
under reflux for 24 hr. About 2.5 1. of solvent was distilled 
from the mixture, the remaining aqueous solution was 
saturated with potassium carbonate and extracted with 
eeveral portions of ether. From the ether extracts, dried 
over sodium sdfate, was obtained 266 g. (79%) of product, 

b.p. 80-84" (0.8 mm.), n S  1.4573 [lit.J47 b.p. 85' ( 1  
mm.), ny 1.45691. 

The bis( ~,,4dinitroplrenylhyd7azone) of thiodiacetaldehyde 
was obtained in 91% yield from a solution of the aldehyde 
prepared by warming a mixture of 1.0 g. of the diacetal an 
5 ml. of water containing 1 drop of concd. hydrochloric aci$ 
After recrystallization from dimethylformamide-methanol 
the derivative melted at 219-221' (lit.,'f~ m.p. 216'). 

9-MethyZ-3-thiaganatanin-7-one ( V) . Thiodiacetaldehyde 
bis(dimethylaceta1) (265 g., 1.26 moles) was hydrolyzed in 
700 ml. of hot water containing 12 ml. of concd. hydrochloric 
acid. To the clear solution, cooled to 25', was added 94 g. 
(1.39 moles) of methylamine hydrochloride and 220 g. 
(1.51 moles) of acetonedicarboxylic acid. The mixture was 
stirred and solid potassium carbonate was added slowly until 
the pH of the solution was 3.0. The clear solution was allowed 
to  stand at room temperature in the dark, the pH being 
held between 3.0 and 3.5 by addition of hydrochloric acid 
after 2 hr. and after 7 hr. After 24 hr. the dark brown solu- 
tion was acidified to pH 2 with 6N hydrochloric acid and 
extracted with four portions of ether. The aqueous solution 
was then made strongly alkaline, saturated with potassium 
carbonate, and extracted with seventeen portions of meth- 
ylene chloride. The combined extracts were dried over 
sodium sulfate, concentrated to about 200 ml. and thor- 
oughly mixed with alumina (20 mesh) to give, after evapora- 
tion of solvent, a brown powder which was placed in a Soxhlet 
thimble and extracted with ether. From the ether extracts 
a dark crystalline solid was obtained which on sublimation 
in  vacuo afforded 62 g. (29%) of product, m.p. 124-128'. 
A sample recrystallized from benzene-ligroin melted a t  126- 
128' (lit.,17 m.p. 126-127'). The dipiperonylidene derivative 
melted a t  240-242' (lit.,lT m.p. 241 "). 

No improvement in yield resulted in smaller scale experi- 
ments carried out in buffered solutions a t  pH 3, in con- 
siderably more dilute solutions, or in solutions containing 
a greater excess of acetonedicarboxylic acid. A slightly 
lower yield was obtained when the reaction was run a t  pH 
4-5. 

9-MethyGbozagranatanin-7a-01 (IVA) . A. Three grams 
(0.0194 mole) of 9-methyl-3-oxagranatanin-7-one in 50 ml. 
of glacial acetic acid was hydrogenated in the presence of 
0.15 g. of ruthenium oxide at an initial hydrogen pressure 
of 1080 p.s.i. The temperature was raised to 90' over a 
period of 6 hr. The solution, after removal of the catalyst, 
was concentrated, treated with alkali, and extracted with 
methylene chloride. From the extract, after drying over 
sodium sulfate and removal of solvent, was obtained a waxy 
solid which crystallized on trituration with ether and 
petroleum ether. The product, m.p. 141-143", weighed 2.4 
g. (79%). A sample after sublimation and recrystallization 
from petroleum ether (b.p. 30-60') melted a t  144-140'. 

B. The ketone (62 g., 0.40 mole) in 1 1. of ethanol was 
hydrogenated in the presence of 15-20 g. of Raney nickel 
at 19-65' a t  an initial pressure of 1000 p.s.i. The reduction 
was essentially completed in 4 hr. The crude product, a 
white waxy solid, was recrystallized from 150 ml. of petro- 
leum ether (b.p. 30-60') to give 55 g. of white flakes,*m.p. 
140-143". From the filtrate was obtained a second crop of 
crystals, 4.5 g., m.p. 139-142'. The total yield was 59.5 g. 

C. In a flask equipped with a stirrer and a Soxhlet ex- 
tractor was placed 27.0 g. (0.693 mole) of lithium aluminum 
hydride and 1500 ml. of ether. As the mixture was stirred 
and refluxed 85.9 g. (0.554 mole) of ketone was washed from 
the Soxhlet thimble into the reaction flask. After the mixture 
was stirred and refluxed for 9 hr. it  was decomposed by the 
gradual addition of 51 ml. of water. The ether layer was 
decanted from the inorganic solid, the latter was washed 

(47) W. E. Parham, H. Wynberg, and F. L. Ramp, 

(48) F. Weygand, G. Eberhardt, H. Linden, F. Schiifer, 

(95%). 

J .  Bm. Chem. Soc., 75 ,  2065 (1953). 

and I. Eigen, Angew. Chem., 65, 525 (1953). 
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thoroughly with ether, and the combined ether solutions 
were dried over potassium carbonate. Upon evaporation of 
the solvent 82.0 g. (94%) of white waxy solid, m.p. 138- 
144', was obtained. The product, after recrystallization 
from petroleum ether, melted at 144-145". 

The picrate was prepared in water; the turtrate, metho- 
bromide, and methiodide were formed in acetone solution. 

The infrared spectrum of IVA showed characteristic 
bands at 9.0 (4, 9.95 (m), 10.05 (m), and 10.9 (8) p. 

In a known mixture of 90% of IVA and 10% of ita epimer 
IVB, the latter isomer was readily detected by the presence 
of peaks a t  10.35, 11.2, ..ad 11.75 p (see below) in the spec- 
trum of the mixture (chloroform solution). In the spectra 
of the crude producta obtained from ketone I11 by reduc- 
tion with lithium aluminum hydride and by catalytic 
hydrogenation, these peaks were of lower intensity than 
those in the spectrum of the known mixture, indicating 
that the former mixtures contained less than 10% of IVB 
and, by difference, 90% or more of IVA. Allowing for small 
amounts of impurities, including ketone (the spectra 
exhibited very little or no carbonyl absorption at 5.9 p) ,  
possibly present in the mixtures, a reasonable estimate of 
the proportion of IVA in the reduction products is >8570. 

9-Melhyl-S-oxagranatanin-Yi3-ol (IVB). A. Sodium (60 g.) 
was added in small pieces to a refluxing, vigorously stirred 
solution of 25 g. (0.16 mole) of 9-methyl-3-oxagranatanin-7- 
one in 1.500 ml. of 1-pentanol. Water and then hydrochloric 
acid were added to the cooled solution and the pentanol 
layer was repeatedly extracted with 6N hydrochloric acid. 
The combined acidic aqueous extracts were extracted with 
three portions of ether, made alkaline with concd. potassium 
hydroxide, and saturated with potassium carbonate. Con- 
tinuous extraction of the mixture with chloroform 
gave, on evaporation of the dried solution, 24 g. (95%) of 
colorless solid, m.p. 106-110'. The product after recrystal- 
lization from benzene melted at 111-113' (19.5 g., 78% 
yield). Further recrystalliiations and sublimation only 
slightly raised the melting point. 

The picrate precipitated from a saturated solution of 
picric acid in ethanol. The methiodide was prepared in 
ethanol. 

The infrared spectrum of IVB exhibited characteristic 
ahsorption at 9.0 (w), 9.2 (m), 10.35 (s), 11.2 (w), and 11.75 
(m) l.4. 

In the spectrum of a known mixture of 90% of IVB and 
10% of IVA in chloroform solution the bands a t  9.0, 9.95, 
10.05, and 10.9 p attributed to the latter epimer were easily 
recognized. Since these bands were missing in the spectra 
of the first fraction of the sodium-pentanol reduction prod- 
uct, m.p. 111-113', and of second crops, m.p. 108-112' 
(which together accounted for over 80% of the total prod- 
uct), the proportion of IVB in the crude reduction mixture 
was estimated to be >SO%. 

B. By epimerization of IVA. A solution of 5.00 g. of IVA, 
7.2 g. of aluminum isopropoxide, and 1.7 ml. of dry acetone 
in 170 ml. of dry %propanol was refluxed for 308 hr. The 
%propanol was removed in vacuo, the residue was dissolved 
iri 10% sodium hydroxide solution, and the latter was 
saturated with potassium carbonate. The mixture was 
thoroughly extracted with ether and the extracts were dried 
over potassium carbonate. On evaporation of the solvent 
4.75 g. of white, hygroscopic solid melting at 70-100" was 
obtained. 

Spectral analysis of the product as described above 
indicated that it contained more than 10% of IVA. Re- 
crystallization of 4.45 g. of the mixture from benzene gave 
2.60 g. (58% recovery) of essentially pure IVB, m.p. 108- 
111 '. Further recrystallization of the material yielded the 
pure epimer m.p. 111.5-113'. 

When the epimerization was carried out for 96 hr. using 
5 g. of aluminum isopropoxide, IVB was isolated in very 
poor yield. 

9-Methyl-S-osagrandanin-7~-ol benzoate. A mixture of 0.3 
g. of 9-methyl-3-oxagranatanin-7&ol (IVB) and 0.4 g. of 

benzoyl chloride was heated at 130-150' for 2 hr. Tbe 
brown crystalline maea was diesolved in 3N hydrochloric 
acid and the solution was extracted with ether. The acid 
Solution was made alkaline, saturated with sodium car- 
bonate, and extracted with chloroform to give, after r e m o d  
of the solvent, 0.5 g. of crystalline product, m.p. 103- 
105'. 
9-Methy&oxagranu.f~nranatbnin-7a-ol benz&. From the mc- 

tion of 0.2 g. of Q-methy1-3-oxagranatanin-7a-ol (IVA) with 
benzoyl chloride under the conditions described above, 
0.26 g. of product, m.p. 76-78", was obtained. 

Q-MethyLbthiagranatanin-ra-ol (VIA). Ketone V (25.0 
g., 0.146 mole) was reduced with 6.1 g. (0.16 mole) of 
lithium aluminum hydride in 225 ml. of ether by the pro- 
cedure described above for reduction of the oxaketone 111. 
The mixture was stirred and refluxed for 15 hr. The crude 
product weighed 22.9 g. (91%), m.p. 93-98". Recrystal- 
lization of 5.0 g. of this material once from ligroin and 
twice from benzene-petroleum ether (b.p. 30-60') gave 
2.1 g. of the -1, m.p. 108-110'. 

The picrate precipitated from an ether solution of picric 
acid; the methwdide was formed in acetone. 

A sample (2.1 g.) of the residue from the mother liquors 
of the a-01 was chromatographed on alumina. From the 
benzene eluates fractions melting in the range of 90' to 
100' were obtained (total wt. 1.0 g.) which on recrystal- 
lization from ether yielded the Q-OL Benzene-chloroform 
(9: l )  eluates contained lower melting fractions. From the 
chloroform eluates was obtained 0.3 g. of the pol, m.p. 
113-115', which was raised to 115.5-116.5' on recrystal- 
lization of the sample from benzene-petroleum ether. 

The infrared spectrum of VIA showed characteristic 
peak8 at 8.9 (m), 9.2 (s), 9.7 (w), 10.1 (m), 10.65 (m), 
11.2 (s), and 11.3 (8) p. 

On the basis of a spectral analysis of the crude reduction 
product similar to that deacribed above for mixtures of 
IVA and IVB, using the absorption peaks at 9.7, 10.5, and 
10.85 p to detect the presence of epimer VIB (see below), 
the proportion of VIA in the mixture waa estimated to be 

sMelhyLS-lhiag7anatanin-7Sol (VIB) . Sodium-pentanol 
reduction of 3.65 g. (0.0214 mole) of ketone V was carried 
out in the way described above using 8.5 g. of sodium and 
220 ml. of 1-pentanol. The crude product, m.p. 97-llOo, 
weighed 3.5 g. (95%). After sublimation and recrystalliza- 
tion from benzene the material melted at 102-108'. Chro- 
matography of a sample (1.7 g.) on alumina gave, from the 
benzene eluate, 0.09 g. of solid melting at 103-116.5', and, 
from the benzene-chloroform (95:5) eluate, 1.25 g. of 
essentially pure pol, m.p. 115-117". By recrystallization 
of the latter fraction from benzene the pure compound, m.p. 
116.5-117', was obtained. 

The picrate was prepared in aqueous ethanol and the 
methiodide in acetone. 

Characteristic peaks in the infrared spectrum of VIB 
were a t  8.85 (w), 9.7 (s), 10.5 (w), and 10.85 (w) p. 

The fraction of reduction product, m.p. 102-108°, and a 
second crop, m.p. 100-108', were subjected to spectral 
analysis as described above, using the peaks at 9.2 and 
10.1 p to detect the presence of epimer VIA. These peaks 
were missing in the spectra of both fractions (which repre- 
sented 80% of the total product) although they were clearly 
exhibited in the spectrum of a known mixture of the epimers 
containing 10% of VIA. From these data the proportion 
of VIB in the crude reduction mixture was estimated to be 
>75%. 

9-MethylgranataninJwE (VIIIA). A solution of 10.0 g. 
(0.0655 mole) of pseudopelletierine" (VII) in 150 ml. of 
ether was added during 10 min. to a mixture of 1.24 g. 
(0.0327 mole) of lithium aluminum hydride and u)o mL of 
ether. The mixture was stirred and refluxed for 6 hr. and 
worked up in the way described above. The crude product, 
a hygroscopic, low-melting solid, weighing 9.35 g. (92%). 
Recrystallization of the material from petroleum ether 

>850/0. 
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(b.p. 30-60') gave VIIIA, m.p. 69' (lit.," m.p.. 69'), 
identical with a sample prepared by hydrogenation of 
pseudopelletierine over Rsney nickel according to Alder 
and Dortmann." 

The crude products from the lithium aluminum hydride 
reduction and the catalytic hydrogenation both yielded 
picrates having m.p. 275" which was unchanged by recrys- 
tallization of the salta from ethanol (lit.," m.p. 275-276"). 

Both crude alcohols gave the same methiodide, m.p. 339' 
dec., from acetone solution in 94% yield. The two samples 
of the salt, after recrystallization from methanol, melted 
a t  344' dec. 

Anal. Calcd. for CioHmINO: C, 40.41; H, 6.78; N, 4.71. 
Found: C, 40.29; H, 6.89; N, 4.90. 

The infrared spectrum of VIIIA exhibited characteristic 
bands a t  8.82 (m), 9.0 (e), 9.5 (a), 9.85 (a), 10.0 (m), and 
10.5 (w) p. 
On the basis of a spectral analysis of the crude reduction 

product similar to that described above for mixtures of 
IVA and IVB, using the absorption peaks a t  9.6 and 10.3 p 
to detect the presence of epimer VIIIB (see below), the 
proportion of VIIIA in the mixture was estimated to be 
>85%. 

9-Methylgranatanin-3p-oZ (VIIIB). This alcohol was pre- 
pared according to the directions of Alder and Dortmann"; 
m.p. 98-99' (lit.," m.p. 99-100'). The picrate melted a t  
264-265' (lit.," m.p. 264-265'). 

The methiodide, prepared in acetone solution, melted a t  
329' dec. after recrystallization from methanol. 

Anal. Calcd. for CioHmINO: C, 40.41; H, 6.78; N, 4.71. 
Found: C, 40.26; H, 6.84; N, 5.12. 

The infrared spectrum of VIIIB showed characteristic 
peaks a t  8.82 (a), 9.0 (m), 9.15 (w), 9.6 (a), 10.1 (m), and 
10.3 (m) p. 

8-0xagranaianin-7~-01 (XIVB) and 7a-01 (XIVA) . Follow- 
ing the procedure of Ciamician and Silber,49 2.4 g. (0.015 
mole) of potassium permanganate in 120 ml. of water was 
added dropwise during 45 min. to a stirred solution of 1.1 
g. (0.007 mole) of  methyl-3-0xagranatanin-78-01 (IVB) or 
7-1 (IVA) and 1.1 g. of potassium hydroxide in 50 ml. of 
water. The reaction mixture was maintained a t  0-5' during 
the addition and for an additional hour. After standing 
overnight a t  25', the mixture was filtered through Celite 
and the filtrate was continuously extracted with chloroform 
for 48 hr. to isolate the product. 

From IVB 0.9 g. (90%) of crude nor base XIVB, m.p. 
125-129', was obtained. The picrate was prepared in 
ethanol. 

From IVA 1.0 g. (100%) of crude nor base XIVA, m.p. 
199-205', was obtained. The picrude was formed in ether. 

Methylation of XIVB and XIVA with formaldehyde and 
formic acid according to the procedure of Nickon and 
Fiesera gave 9-methyl-3-oxagranatanin-7Boi (IVB), m.p. 
111-113', and 7a-01 (VA), m.p. 143-145', respectively, 
proving that no change in the ring system of the alcohols 
occurred in the permanganate oxidation. 

9-Benzoyl-3-0zagranatanin-r&ol (XVB) and 7a-01 (XVA) . 
These derivatives were prepared from 3-0xagranatanh- 
78-01 (XIVB) and 7a-01 (XIVA) by the Schotten-Baumann 
procedure." 

Amide XVB, m.p. 143-144', exhibited strong bands in the 
infrared spectrum (potassium bromide disc) at 2.93, 6.19, 
and 6.34 p. 

Amide XVA, m.p. 131-133', showed major peaks in ita 
infrared spectrum (potassium bromide disc) a t  2.96, 6.19, 
and 6.28 p. 

Wzagranatanin-78-01 benzoote (XVIB) and &Zag+ano- 
t.anin-7croZ benzoate (XVIA). These esters were prepared by 
heating the hydrochloride salta of 3-0xagranatanin-78-01 

(XIVB) and 7a-01 (XIVA) with excess benzoyl chloride 
a t  120-130' for 1.5 hr. The crude hydrochlorides of the 
amino eaters thua obtained were treated with ammonium 
hydroxide to liberate the basea which were isolated by 
chloroform extraction of the basic mixtures. 

The infrared spectrum of amino ester XVIB, map. 116- 
117', showed a strong band at 5.84 p and that of ita epimer 
XVIA, m.p. 106-108O, exhibited a strong band a t  5.86 p. 

Benzoyl migratioll ( N  -L 0). A solution of 0.3 g. of XVB 
in 15 ml. of dry dioxane saturated with hydrogen chloride 
was allowed to stand a t  room temperature for 56 hr. Evap 
oration of the solvent gave a hydrochloride salt, m.p. 215- 
220', which by treatment with ammonium hydroxide was 
converted to a base, m.p. 108-117'. After recrystallization 
from benzen+petroleum ether (b.p. 30-60') the latter 
melted a t  115-117' and was shown to be identical with 
XVIB by ita infrared spectrum and mixture melting point. 

When XVA was treated as described above it was re- 
covered unchanged. The spectrum and melting point of the 
recovered material were identical with those of XVA. 

Benzwl migration (0 -L N). Ester XVIB (0.05 g.) was 
dissolved in a small volume of dilute hydrochloric acid and 
the solution was adjusted to pH 10 by addition of 5% sodium 
hydroxide. After standing 30 min. a t  28' the solution was 
extracted with chloroform. From the dried chloroform 
extract wan obtained a solid, m.p. 141-144', which was 
shown to be identical with amide XVB. 

No acyl migration occurred when the epimeric ester 
XVIA was treated as described above. The infrared spec- 
trum of the crude product, melting a t  100-208', showed 
no amide band a t  6.19 p and the low intensity of the ester 
peak a t  5.85 p indicated that the ester had been hydrolyzed 
to a large extent. 

Tetrahydrooxazine o?&vative of Zl-ozagranatanin-78-01 
(XVII). Following the procedure of Hardegger and Ott6' 
this derivative was prepared from 0.15 g. of 3-0xagranatanh-1- 
78-01 (XIVB) and 0.16 g. of p-nitrobenealdehyde. The 
product, after two recrystallitations from ether, melted a t  

Anal. Calcd. for ClrHlsNsO,: C, 60.86; H, 5.84. Found: 
157-157.5'. 

. .  

C, 60.89; H, 6.17. 
Under the same conditions the eDimer (XIVA) gave no 

crystalline tetrahydrooxazine derivitive. The dark  brown 
oiiy product could not be purified. 

Preparation of benzilates XXIII, XXIV, XXVI, XXIX, 
and XXX (Table I I n  . These esters were DreDared according to 
the general procedure of Stoll et d.0' The'following deadp- 
tion of the preparation of 7a-benziloyloxy-9-methyl-3-0xa- 
granatanine exemplifies the method. 

A mixture of 10.0 g. (0.0637 mole) of 4methyl-3-oxa- 
granatsnin-7a-01 (IVA) (crude product from catalytic 
hydrogenation of ketone 111), 33.2 g. (0.137 mole) of 
methyl benzilate and 0.25 g. of sodium was heated a t  120- 
125' a t  0.6 mm. pressure for 30 hr. The red glass obtained 
was taken up in 95 ml. of 10% hydrochloric acid and the 
mixture was extracted with ether. On addition of concd. 
ammonium hydroxide to the acidic aqueous solution a 
thick gum separated which was removed by extraction with 
chloroform. The chloroform solution was thoroughly washed 
with water, dried over sodium sulfate, and evaporated to 
give 13.4 g. (58%) of crude ester as a red glass. The crystal- 
line maleate salt, prepared in acetone, was obtained in 85% 
yield. From the maleate, by treatment with alkali, the pure 
ester base was obtained as a white crystalline solid. 

The pierate was formed in ethnolic picric acid solution; 
the methobromide was prepared in acetone. 

In a similar way the following esters were, prepared: 
7&Benzi2oyloxy-9-ntethy~oxawanatanine (XXIV), ob- 

tained from IVB in almost quantitative yield as a red-brown 

(49) G. Ciamician and P. Silber, Ber., 27, 2850 (1894). 
(50) R. L. Shriier and R. C. Fuson, "The Systematic 

Identification of Organic Compounds," John Wiley and 
Sons, Inc., New York, 1948, p. 88. 

(51) E. Hardegger and H. Ott, Helv. Chim. Ada, 36, 

(52) A. Stoll, E. Jucker, and A. Lindenmann, Helv. Chim. 
1186 (1953). 

Ada, 37,495 (1954). 
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glass; the tartrate was prepared from equimolar amounte of 
the base and tartaric acid in methanol-acetone solution. 

7a-Benz i loy loxy9-me thy~~~~grana tan ine  (XXVI), from 
VIA as a thick oil in 55% yield; the hydrochloride was pre- 
cipitated from an ether solution of hydrogen chloride. 

S ~ B e n z i l o y l o x y - g - m e t h y l ~ a ~ n ~ ~  (XXIX), from VIIIA 
as a thick oil in 44% yield; the hydrochlorde was prepared in 
ether. 

SBBenziloylozy-g-methyZgranatanine (XXX), from VIIIB 
as a glass in 45% yield; the citrate was prepared from 
equimolar quantities of the base and citric acid in acetone- 
ether solution. 

Preparation of benzhydryl ethers XXV, XXVIII, XXXI, 
and XXXII (Table I l l ) .  The following method for preparing 
7 ~ b a z h y d r y l o x y 9 - m e t h y ~ ~ - o x a g r a n ~ n a n e  (XXV) from 
amino alcohol IVA illustrates the general procedure used 
in preparing all of the benzhydryl ethers. 

A solution of 2.00 g. (0.0127 mole) of alcohol IVA (crude 
product from hydrogenation of ketone 111), 2.34 g. (0.0127 
mole) of dry tributylamine, and 5.15 g. (0.0254 mole) of 
benzhydryl chloride in 15 ml. of dry dimethylformamide was 
refluxed for 8 hr. The brown solution was concentrated 
in mau to about one half ita original volume, three volumes 
of ether were added, and the resulting mixture was stored 
at -20'. The crude hydrochloride salt of the benzhydryl 
ether which separated weighed 4.60 g. (98.5%), m.p. 
215'. By trituration of this material with cold acetone 3.80 
g. (84%) of white crystals, m.p. 232-234', was obtained. 
Two recrystallizations of the hydrochloride from ethanol- 
ether did not change the melting point. From the salt a 
base, m.p. 86-89', was obtained, which, after recrystaha- 
tion from petroleum ether (b.p. 30-60'), melted at 87-89'. 

Using the crude alcohol IVA from the lithium aluminum 
hydride reduction of ketone 111, the same benzhydryl 
ether hydrochloride, m.p. 232-234', and base, m.p. 87-89', 
were obtained, again in 84% yield. That the benshydryl 
ethers from the two samples of alcohol IVA were identical 
was demonstrated by the mixture melting point method and 
by the fact that the infrared spectra of the two samples of 
base were identical in all respects as were those of their 
hydrochlorides. 

The methob"& salt of XXV was prepared in acetone. 
In a similar way the following compounds were prepared: 

7a-benzhydrybxy-9-methyl-3-thiagranatanine (XXVIII) hy- 
dro&&, in 48y0 yield; Sa-benzhydryloxy-9-methylgrana- 
tunine (XXXI) hydrochloride, in 63yo yield; and SP-benz- 
hydrylozy-9-methylgranatanine (XXXII) hydrochZol.de, in 
82% yield. 

9-PhaylacetyG~-ozagranalanin-7p-ol (XXXIII) . To a 
vigorously stirred solution of 2.0 g. (0.014 mole) of 3-oxa- 
granatanin-7p-ol (XIVB) and 5.9 g. of potaeaium carbonate 
in a mixture of water (20 ml.), chloroform (10 ml.), and 
methanol (10 ml.) was added 6.6 g. (0.043 mole) of phenyl- 
acetyl chloride over a period of 20 min. Then 6 ml. of 10% 
potassium hydroxide was added and stirring was continucd 
for 3 hr. The mixture was diluted with water and extracted 
with chloroform. From the dried chloroform solution was 
obtained 3.5 g. (94%) of solid melting at 141-150'. The 
pure product, m.p. 158-159.5', was obtained after three 
recrystallizations of the material from benzene-ligroin. 

Anal. Calcd. for ClsHloNOa: C, 68.94; H, 7.33. Found: 
C, 68.83; H, 7.13. 

S P h a e t h y G ~ - o z a g r a ~ n ~ ~ ~ ~ - o Z  (XXXIV) , A mixture 
of 1.8 g. (0.0069 mole) of 9-phenylacetyl-3-oxagranatanin- 
78-01 (XXXIII) (introduced from a Soxhlet thimble), 1.7 g. 
(0.042 mole) of lithium aluminum hydride and 500 ml. of 
ether was stirred and refluxed for 11 hr. Water and then 6N 
hydrochloric acid were added to the reaction mixture. The 
ether layer was separated and extracted with four portion8 
of 3N hydrochloric acid. The combined acidic aqueous 
solutions were made strongly alkaline and extracted re- 
peatedly with chloroform. From the chloroform solution, 
after drying over sodium sulfate, was obtained 1.15 g. (68%) 
of product, m.p. 83-85". The analytical sample, obtained 

after two recrystallizations of the material from ligroin, 
had the same m.p. 

Anal. Calcd. for ClbHz~NO~: C, 72.84; H, 8.56. Found: 
C, 72.88; H, 8.36. 

7 8 - B e n z h y d r y b x y - 9 - p ~ t h y ~ x a g r a ~ n i ~  (XXXV) . 
This compound as ita hydrochloride was obtained in very 
poor yield from the m i t i o n  of benshydryl chloride with 
amino alcohol XXXIV, carried out according to the pro- 
cedure described above. The salt, after several recrystalliza- 
tions from butanone-methanolether, melted a t  199-201.5'. 

Anal. Calcd. for &H&WOS: C, 74.73; H, 7.17. Found: 
C, 74.32; H, 7.27. 

~MethyG7-phenyl-3-oxagra~nin-7-ol (XXXVI) . A solu- 
tion of 4.0 g. (0.026 mole) of 9-methyl-3-oxagranatan~-7- 
one (111) in ether was added to a solution of phenyllithium, 
prepared from 6.5 g. (0.041 mole) of bromobenzene and 0.82 
g. (0.12 g.-atom) of lithium, in 75 ml. of ether and the 
resulting mixture was stirred under reflux for 4 hr. Water 
was added and the ether layer was removed, washed with 
ammonium hydroxide and water, and dried over sodium 
sulfate. The product obtained from the ether solution was 
a somewhat waxy solid weighing 3.4 g. (57733. Recrystal- 
lization of the material from petroleum ether (b.p. 30-60") 
containing a small amount of ethyl acetate gave white 
crystals melting a t  129-132'. The picrate, recrystallized 
from ethanol-acetone, melted with decomposition at 207'. 

Anal. Calcd. for CuHpNlOp: C, 51.95; H, 4.80. Found: 
C, 51.93; H, 4.62. 
9-MethyU-ozagranQhnanalanin-r-one oxime (XXXVII) . A solu- 

tion of 6.0 g. (0.039 mole) of ketone 111, 12 g. of hydroxil- 
amine hydrochloride, and 12 g. of potaeaium hydroxide in 
100 ml. of water was heated at 70' for 6 hr. After standing 
at room temperature for 18 hr. the solution was saturated 
with sodium carbonate and repeatedly extracted with chloro- 
form. From the dried extract was obtained 6.0 g. (91%) of 
crystalline solid, m.p. 165-167'. The analytical sample, 
obtained by recrystallization of the product from ethyl 
acetate, melted at 168.5-169.5'. 

Anal. Calcd. for GH1SJ,Or: C, 56.45; H, 8.29. Found: 
C, 56.44; H, 7.97. 

7p-Amino-9-methyGS-ozagzanatanine (XXXVIII) , To a 
refluxing and well stirred solution of 4.0 g. (0.024 mole) of 
9-methyl-3-oxagranatanin-7-one oxime (XXXVII) in 300 
ml. of 1-pentanol was added 12 g. of sodium in small pieces 
over a period of 30 min. After an additional 30 min. of heat- 
ing, the solution was cooled, water was added, and the 
resulting mixture was made acidic by addition of 6N hydro- 
chloric acid. The pentanol layer was withdrawn and cx- 
tracted five times with 6N acid. The combined acid solutions, 
after extraction with ether, were made alkaline, saturated 
with potassium carbonate, and extracted repeatedly with 
chloroform. The product obtained from the chloroform 
solution was a colorless oil, 4.0 g., b.p. 86" (2.5 mm.), which 
solidified to a waxy solid. The phenylthiourea derivative, pre- 
pared in methanol and recrystallized once from benzene 
and three times from butanone, melted at 155-157". 

Anal. Calcd. for ClsHnNzOS: C, 61.82; H, 7.26; N, 14.42. 
Found: C, 61.77; H, 7.39; N, 14.10. 

78-( 9,,%Dipha ylacetamido) -9-meth y M-oxagranQhnine 
(XL). A solution of 1.63 g. (0.007 mole) of diphenylacetyl 
chloride in 25 ml. of benzene was added over a period of 30 
min. to a stirred suspension of 1.05 g. (0.0067 mole) of 
amine XXXVIII and 0.7 g. of powdered sodium carbonate 
in 25 ml. of benzene. The mixture waa stirred at room tem- 
perature for 4.5 hr. and at 50-60" for 1 hr. Sodium carbonate 
solution was added and the mixture was extracted four times 
with chloroform. After evaporation of the solvent, 2.55 g. 
of solid, m.p. 178-188", was obtained. The product, after 
four recrystallizations from ethyl acetate, melted at 195-196'. 

Anal. Calcd. for CaHiN801: C, 75.40; H, 7.48; N, 7.99. 
Found: C, 75.57; H, 7.37; N, 7.56. 
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